This study compared false memory production in Spanish monolinguals and Spanish-Catalan bilinguals. We used an adjusted Deese-Roediger-McDermott (DRM) false memory paradigm and presented the participants with eight Spanish DRM lists containing 12 words each, along with figures and colors to manipulate contextual details. Free recall results showed higher true recall levels in bilinguals than in monolinguals. However, we did not find notable false memory differences between the monolinguals and bilinguals. We found no differences in the amount of contextual details added in the true and false recall, indicating that levels of confidence in memories are similar in the two groups. Implications of the findings are discussed. Received: February 8th, 2019 Revision Accepted: July 19th, 2019 e-ISSN 2615-8582 p-ISSN 2620 T he phenomenon of false memory refers to the remembering of an event or detail that either never happened or happened quite differently from reality (Roediger & McDermott, 1995) . Empirical studies of false memory increased during the 1990s when people started to form false memories after suggestive therapeutic techniques (Lindsay & Read, 1995) . Based on these false memories, innocent people were falsely accused of sexual abuse, pointing to the importance of gaining a deeper understanding of false memories.
T he phenomenon of false memory refers to the remembering of an event or detail that either never happened or happened quite differently from reality (Roediger & McDermott, 1995) . Empirical studies of false memory increased during the 1990s when people started to form false memories after suggestive therapeutic techniques (Lindsay & Read, 1995) . Based on these false memories, innocent people were falsely accused of sexual abuse, pointing to the importance of gaining a deeper understanding of false memories.
One method that has been used to study the formation of false memories is the DeeseRoediger-McDermott (DRM) paradigm (Roediger & McDermott, 1995) . In the DRM paradigm, word lists are presented that contain associatively-related words. For example, water, stream, and lake are associated with the critical lure river. Research has shown that in both free recall and recognition tasks, participants indicate they remember the critical lure with high confidence, known as false memories (Gallo, McDermott, Percer, & Roediger, 2001) . In this study, we performed an experiment to examine true and false memory production in monolinguals and bilinguals.
False Memory Theories
Several theoretical frameworks explain the occurrence of false memories: ActivationMonitoring Theory (AMT) (Roediger, Watson, McDermott, & Gallo, 2001) , Fuzzy Trace Theory (FTT) (Brainerd, Reyna, & Ceci, 2008) , and the Associative Activation Theory (AAT) (Howe, Wimmer, Gagnon, & Plumpton, 2009) . AMT and AAT postulate that during the experience of an event, concepts are activated that are related to each other. During this spreading activation, sometimes concepts are activated that are related but not experienced, leading to false memories. This activation of the critical lure increases
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October 2019 | Vol. 2 | No. 2 the likelihood that it will be recalled in a subsequent memory task (Roediger, Watson, McDermott, & Gallo, 2001) . FTT (Brainerd et al., 2008; Brainerd & Reyna, 2002) posits that memories are stored in the form of verbatim and gist memory traces. The verbatim trace of memory refers to specific details of an experience, such as contextual cues that can allow for distinctions between memories. An example of this is the font in which the words of the DRM are presented or the number of phonemes in a word. On the other hand, gist memory traces involve the storing of the underlying meaning of an experience (Brainerd & Reyna, 2002) . FTT stipulates that false memories are formed when a person relies on gist information and no verbatim traces can be retrieved (Arndt, 2010) .
The occurrence of false memory has important implications in the judicial system, such as the aforementioned example of alleged sexual abuse. Given that over half the world population is bilingual (Grosjean, 2008) , with higher numbers of bilinguals in urban areas compared to rural ones (Bialystok, Craik, & Luk, 2012) , and that urbanization is expected to increase from 55% to 68% ("68% of the world population," 2018), it is important to study bilinguals in urban societies. It is thus of interest whether the production of false memories differs between monolinguals and bilinguals. Specifically, it is relevant to understand whether bilinguals produce more or fewer false memories and whether the first or second language could impact false memory production.
False Memories in Bilinguals
Previous research on monolinguals of different languages using the DRM paradigm has indicated that the false memory effect remained, for example, in Spanish (García-Barjos & Migueles, 1997; Pérez-Mata, Read, & Diges, 2002) and Portuguese (Stein & Pergher, 2001 ). This allowed for follow-up research on bilinguals and the production of false memories. Miyaji-Kawasaki, Inou, and Yama (2003) studied false memory differences in Japanese-English bilinguals for whom Japanese was the dominant language. The participants were shown 12 DRM lists, six in English and six in Japanese. Next, they took a recognition test in both languages (MiyajiKawasaki, Inoue, & Yama, 2003) . The rate of correct recognition was higher when the languages were the same in the encoding and test phase; however, false recognition occurred more frequently when the recognition test was given in Japanese, independently of whether the encoding and test language matched. The researchers argued that, since Japanese was the participants' dominant language, this allowed for simpler translation and a greater associative network, which resulted in the higher false recall when Japanese was used for the recognition test.
A follow-up study delved into false memory in Spanish-English bilinguals. DRM lists were modified to Spanish to gain equal associative strengths between the English and Spanish lists (Anastasi, Rhodes, Marquez, & Velino, 2005) . In several experiments, comparisons were made between bilingual participants' performance in their dominant and non-dominant languages, which were, in turn, compared to monolinguals' performance in either language. The participants were shown DRM lists in either their dominant or non-dominant language and then completed a recognition task in either language. When stimuli were presented and tested in the monolinguals' language, then both true and false recognition rates were higher. In contrast, bilinguals' false recognition rate increased when materials were presented in their non-dominant language. This could be explained by other research that explains that native-language lexical activation is present during a second language task, which, in combination, could increase false memory recognition (Thierry & Wu, 2007) . Further research is necessary to explore this. Relatedly, Sahlin, Harding, and Seamon (2005) provided different recognition versions to SpanishEnglish bilingual participants in either the studied language or another language. They found that when the recognition test was provided in the same language as the language of the DRM lists, false recognition increased compared to when the recognition test was presented in the other language.
Thus, the previous studies indicate that the production of false memories depends on the language in which stimuli are presented and tested. According to these studies, it is more difficult to extract the gist of word lists when switching languages, resulting in lower true and false memory levels. A related study by Mar-
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October 2019 | Vol. 2 | No. 2 molejo, Diliberto-Macaluso, and Altarriba (2009) examined Spanish-English bilinguals using the DRM paradigm. The participants have presented a DRM list in either English or Spanish and then asked to do a free recall task in English or Spanish, followed up by a recognition task in both languages. Correct and false recall rates were higher when they were asked in their dominant language, as long as the language of encoding and test were identical. Further, false recall, recognition, and recognition confidence seemed to increase when the studied items were in a different language than the test items. This indicates, again, that the language in which information is encoded, recalled, or recognized has an impact on false memory formation. A somewhat contradicting study by Howe, Gagnon, and Thouas (2008) examined differences in bilinguals in the DRM paradigm, while also looking at age differences. Children aged 6 to 12 and adults were given DRM lists. The lists were either within (English-English or FrenchFrench) or between (English-French or FrenchEnglish) languages. Afterwards the participants performed a free recall and recognition task. The youngest children's group (age 6 years) showed results identical with those of previous studies (Sahlin et al., 2005; Anastasi et al., 2005; Marmolejo et al., 2009) in that false memories were higher in the within language condition, while the adult groups showed an increase in false memories in the between language condition. The findings on true memory were in line with previous research (Miyaji-Kawasaki et al., 2003; Sahlin et al., 2005; Anastasi et al., 2005; Marmolejo et al., 2009) , as it increased when it was tested within languages. This indicates that further research is necessary to gain a clear knowledge of the effects of languages on false memories.
It is interesting that bilinguals using their dominant language impacts false memory formation, even though this effect disappears when compared to monolinguals of either language (Anastasi et al., 2005) . As mentioned, other research explains that native-language lexical activation is present during a second language task (Thierry & Wu, 2007) , which could indicate an increased associated activation, due to other language influences, in bilinguals. This could explain the increase in false recognition in bilinguals (Anastasi et al., 2005; Marmolejo et al., 2009; Sahlin et al., 2005) . These findings led to the main focus of the current study, in which we compared bilingual Spanish-Catalan speakers, with dominance in Spanish, to monolingual Spanish speakers. Our prediction was that, due to similarity in the lexical and semantic information between the languages spoken by the bilingual Spanish-Catalan speakers, there would be a greater associative network, which would increase false memory.
As a subsidiary aim of this study, we also deviated from the classical DRM paradigm in which we kept the word lists and translated them to Castellano, but added contextual details in the form of different figures and colors accompanying the words. This was based on Woods and Riesthuis (2016) , who explored whether monolingual Americans would add contextual details to a false memory. They sought to shed light on the topic following Lyle and Johnsons (2006) , who discovered that when participants added and specified contextual details in memories, it seemed to increase their confidence in their recalled memory.
Our interest was to what extent the monolingual and bilingual groups would differ in adding contextual details to a falsely recalled critical lure. This means that the participants were exposed to DRM lists, and with each word, a figure with color was also presented. The participants were instructed to, if possible, recall the word with the two contextual details. Of interest was whether there was a difference between monolinguals' and bilinguals' performance in the false recall, as well as whether they added any contextual details to this false recall. This would indicate increased confidence in the false memory. Our expectation was that due to the greater predicted associated semantic network in bilinguals compared to monolinguals, the bilinguals would have a higher recall rate of false memory with contextual details. This goes hand in hand with the assumption that the greater associated semantic network would increase false memory on its own.
Method

Participants
There were 42 participants aged 18 to 30 years, among whom 24 were male (Mage = 21.4, SD = 2.85). The database of the Center of Brain and
Psychological Research on Urban Society
October 2019 | Vol. 2 | No. 2
Cognition from Pompeu Fabra University was used for recruitment. The participants were recruited for two groups on the basis of whether they were bilingual in Spanish and Catalan, with Spanish dominance, or monolingual in Spanish.
It is important to note that Pompeu Fabra University has three official languages. This means that the participants were capable of speaking English at a B2 level of proficiency based on the Common European Framework of Reference for Languages. The participants in both groups had this proficiency level. Therefore, our requirements for the bilingual group were that they were fluent in both languages, with Spanish being dominant. The requirements for the monolingual group were that they were fluent in Spanish and had no exposure to Catalan. To avoid this exposure, the recruited monolingual participants were of South American and Spanish origin (N = 13) and Spanish (N = 8) origin. Additional requirements for Spanish participants were that their origin was outside the autonomous Catalonian region and that they had no previous exposure to Catalan. Both the bilingual and monolingual groups had 21 participants. The participants gained monetary compensation for their participation in the study.
Stimuli
The materials were eight DRM lists containing 12 words each (see Appendix). The word lists were directly translated from English to Spanish. Due to translations issues, we reduced the word lists from 15 words to 12 words as the translations of some words would include the critical lure (e.g., window (ventana), shutter = contraventana, in which ventana would be the critical lure, as further clarified in the Appendix). Along with these differences in DRM lists, the lists also differed from classical DRM lists, which contain only words, in that they had accompanying figures and colors that had to be recalled as well (see Figure 1) . The same figures and colors were utilized in all eight lists (see Appendix), although they were randomized throughout the lists to prevent the participants from detecting an order. The words were presented for 250 ms with an interstimulus delay of 32 ms, following the standard timeframe of McDermott and Watson (2001) . The words were presented visually, in Calibri (body) font size 44, through Microsoft PowerPoint 2015.
Procedure
The participants were invited to the laboratory of the Center for Brain and Cognition at Pompeu Fabra University. Upon arrival, the participants were asked to view several word lists and then to write down what they remembered. The words were presented in the center of the screen with a surrounding and centered figure that was outlined in color. After the DRM word lists were shown, the participants had unlimited time to recall what they remembered. Every participant completed the study within 15 minutes. The instructions for the experiment were, "You are going to see several word lists. Words will be shown one by one, accompanied by a figure and color. After every word list, you will have to write down what you remember of the word list on the recall booklet in front of you. Write down the words and the accompanying figure and color, if possible. If you only remember one or two of the three requested items, you can write just those. Only write down what you remember for certain. Otherwise, you can write, 'Don't remember.' Your recall of the words doesn't have to be in the order in which the words were presented." The participants were asked not to write during the presentation of the words. Upon completion of the experiment, they were debriefed about the aim of the study. 
Results
True Recall
An item recalled by the participant that was in accordance with the word list was considered a true recall. This was accepted without the corresponding figure or color, as will be discussed in the following section. To determine whether there was a statistically significant difference between the bilingual Spanish-Catalan group and the monolingual Spanish group in terms of true recall performance, we used a one-way analysis of variance (ANOVA). The results showed a statistically significant effect, namely, that bilinguals had a higher true recall rate compared to monolinguals, F (1, 40) = 4.49, p = 0.04, η2 = 0.33 (see Figure 2 and Table 1 ).
True Recall and Contextual Details
An item recalled by the participant that was in accordance with the word list and with its correct accompanying figure and color was considered a true recall with contextual details. To determine whether there was a statistically significant difference in true recall and contextual details between the bilingual Spanish-Catalan group and the monolingual Spanish group, we used a one-way ANOVA. No statistically significant effect was found, F (1, 40) = 0, p = 0.97, η2 = 0.01.
False Recall
An item recalled by the participant that was the critical lure of the DRM list was considered a false recall. Any other word that was not on the DRM list was not considered false recall but, rather, an intrusion. This was accepted without a figure or color recalled, as will be discussed in the following section. To determine whether there was a significant difference between the bilingual Spanish-Catalan group and the monolingual Spanish group, we used a one-way ANOVA. No statistically significant effect was observed, F (1, 40) = 1.34, p = 0.25, η2 = 0.18.
False Recall with Contextual Details
An item recalled by the participant that was the critical lure of the DRM list accompanied by a figure and color was considered a false recall with contextual details. This was only accepted when the figure and color were falsely recalled. To determine whether there was a significant difference between the bilingual SpanishCatalan group and the monolingual Spanish group, we used a one-way ANOVA. No statistically significant effect was detected, F (1, 40) = 0.28, p = 0.59, η2 = 0.084.
Discussion
In this study, we examined whether there was a difference between Spanish-Catalan bilinguals and Spanish monolinguals in false memory production. We also aimed to clarify whether there would be a difference in the adding of contextual details to a false memory, which would indicate an increased level of confidence (Lyle & Johnson, 2006) . Previous research (Woods & Riesthuis, 2016) indicated that contextual details are remembered when they are introduced into the DRM paradigm. However, the previous research did not investigate whether these contex- tual details differed between bilinguals and monolinguals. We found a difference between bilinguals and monolinguals in true memory. Specifically, bilinguals had a higher recall rate for correct items than their monolingual counterparts did. This result is, to a certain extent, in line with the results of Marmolejo et al. (2009) , which showed that Spanish-English bilinguals had a higher true recall rate in their dominant language compared to their non-dominant language. To our knowledge, the results of this study are the first to demonstrate a clear difference between bilinguals and monolinguals in true recall performance.
One explanation for this result was offered by Kaushanskaya, Blumenfeld, and Marian (2011) , who described that bilinguals rely more on short-term memory resources for word retrieval than monolinguals do. The DRM task relies to a certain extent on short-term memory, and this could lead to the observed difference in the current study on true recall, as bilinguals have a higher reliance on short-term memory for word retrieval. Another explanation, which needs further research, might be that bilinguals have two vocabularies for both languages, with great similarities in both gist and verbatim information. Having to store twice the lexical items would increase the memory demands and allow them to remember the words better.
The main aim of the study was to assess whether there would be a difference in false memory between bilinguals and monolinguals. We found no statistical difference in false memory susceptibility between the two groups. Anastasi et al. (2005) showed that bilinguals had higher false recognition rates when tested in their non-dominant language compared to their dominant language. However, when compared to monolinguals of that same language, the differences faded. The current study yielded similar results as no differences were observed. Our expectation was that bilinguals would have a higher rate of false recall due to the gist and verbatim similarities between languages and the higher rate of true recall, but this expectation was not borne out in the data.
Another aim of the study was to understand whether bilinguals are more inclined to add contextual details to a false memory. Notably, both bilinguals and monolinguals added contextual details to a false memory. This indicates that, even though the participants were instructed to write down only what they remembered and that it was acceptable to leave a blank space, they were still inclined and willing to commit to contextual details. According to Lyle and Johnson (2006) , this adding of details indicates increased confidence in the false memory. The finding is interesting in itself and should be investigated further. Regarding the current study, the results showed that there were no significant differences between bilinguals and monolinguals in the adding of contextual details with a false memory.
Our results thus indicate a sole difference of higher correct recall in bilinguals compared to monolinguals. This is of importance for growing urban areas, which goes hand in hand with a larger number of bilingual residents (Bialystok, Craik, & Luk, 2012) . It is interesting to understand how memory might differ in bilinguals in a world that is increasingly urbanizing, which means bilinguals are growing in number. Our results thus show that bilinguals are more reliable in correct recall, though no differences were found in the false recall. This finding could have a positive impact on urbanizing societies, as false memory formation is not affected while correct memory seems to be enhanced. However, further research on false and correct memory by monolinguals and bilinguals is necessary.
The interest of contextual details was partly for understanding confidence in a false memory, but also for understanding whether verbatim information is included in false memory. An interesting finding was that participants in both groups were willing to commit to contextual details with a falsely recalled item. The FTT argues that false memories are formed solely through gist information, but our study shows that unrelated contextual details are still added. However, the amount of recalled contextual details was low and should be examined further to make compelling claims as to what extent they are involved in false memory formation. An interesting project would be to examine whether false memory formation would increase or decrease with the addition of contextual details and to what extent these details are recalled alongside the false memory. This can help clarify whether contextual details actually aid false memory formation or disrupt it.
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Conclusions
We found that when comparing monolinguals' and bilinguals' performance in false memory creation, only a difference in true memory was detected. Further research is necessary to understand to what extent false and true memories are encoded and processed similarly in mono-and bilinguals.
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